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2have non-zero Weyl curvature.
The question of gravitational collapse of a homoge-
neous dust sphere on the brane has very recently been
addressed [3] in which it was concluded that the exte-
rior spacetime has to be non-static unless the collapsing
sphere is of pure Weyl radiation. A model of a star in
hydrostatic equilibrium on the brane has also been con-
sidered [9]. In that the interior is the brane analogue
of the Schwarzschild interior solution of uniform density
while the exterior is no longer unique as was the case in
GR. This is because the exterior spacetime is now not
vacuum. In the context of the cosmic censorship conjec-
ture, collapse of the Vaidya null radiation onto an empty
cavity on the brane has also been studied [4]. It is shown
that the brane eects favour formation of a black hole
against a naked singularity. This is in line with the ex-
pectation that the brane eects tend to strengthen the
gravitational eld. In all these studies, only the eective
equation on the brane has been solved without reference
to the bulk spacetime except that it is assumed to have
non-zero Weyl curvature to project dark radiation on the
brane. We would also resort to the same strategy and
would only address the eective Einstein equation on the
brane.
Since the exterior has to be non-static as well as free of
collapsing matter, it could only have radial energy ux
which could sustain the non-static character. The two
possiblities are the Vaidya null radiation and the heat
ux. The latter is ruled out because there cannot exist
a spherically symmetric solution with heat ux alone as
the source. This leaves only the null radiation for the ex-
terior, which is described by the Vaidya solution on the
brane [4]. In this paper we wish to show that the brane
analogue of the Oppenheimer-Snyder (OS) collapse of ho-
mogeneous dust sphere is: Friedmann collapsing metric
for the interior which is matched to the Vaidya radiating
envelope, which in turn matches nally to the asymp-
totically at WRN metric. Here and henceforth all so-
lutions would refer to their brane analogues, while the
analogue of the Schwarzschild would be referred explic-
itly as WRN. This is the canonical paradigmical picture
of gravitational collapse on the brane.


























is the projection of the Weyl curvature
on the brane giving the Weyl radiation. The Bianchi




















The above equations do not however close because of
the presence of 5-D degrees of freedom in E

. For this,
the Lie derivatives of the brane should be considered [6],
which would then close the system. We shall however not
address the full 5-D equations and would rather conne
ourselves to the brane degrees of freedom.
Now we consider a collapsing dust cloud described by




























































where C is the Weyl radiation constant xed by the bulk
Weyl curvature, and the 
2
term is the local high energy
correction. The ususal Friedmann collapse is recovered
when 
 1
! 0. From the conservation equation (2), it








is the intial radius
from which the collapse began.
















where r = r
0























In the above equation the total energy per proper stellar














































; E >  1: (7)
The brane contribution to the collapse comes through 
2
and the Weyl radiation. It would turn out that it is the
latter which is responsible for the non-static exterior. As
argued above, the only possible choice for the exterior
is the Vaidya null radiating spacetime. On the brane it
















= 0 which implies S

= 0. For the exte-
rior, we seek the general solution (for the Weyl stresses,
































where v is the retarded Eddington null coordinate. We
would employ the standard 4-D Israel matching condi-
tions on the brane which would require continuity of the
metric and the extrinsic curvature of the boundary sur-
face . That would mean continuity of the metric com-
ponents and of
_
R. Apart from these conditions, we also
have one more condition coming from vanishing of uid
pressure, p = 0.
In matching of metrics (3) and (9) we employ the pro-
cedure due to Santos [10]. For the metric (9) the equation
of the surface  is given by
f(r; v) = r   r

(v) = 0
. The rst junction condition requires that the metric
functions match smoothly across the boundary surface





























The second matching condition requires that the extrin-
sic curvature components K
ij
are continuous across 
which would be equivalent to continuity of
_
R. For the
















on , which when compared to (5) yields the condition









where we have also used the continuity of the metric.
Eqn. (5) is the same as eqn. (7) while eqn. (10) is the
analogue of eqn. (15) of [3].
Apart from this we also have uid pressure p = 0,











Now eqn. (10) simply gives m(v) = M , which is the
analogue of the OS condition m(R) = M in GR. The
new condition which marks the brane eects is the above
equation (11). It is this condition which implies that a
collapsing sphere on the brane must radiate because Q(v)
represents propagation of nonlocal stresses. On the other
hand Q(v) = 0 would imply both Q = 0 (if projection of
the bulk Weyl vanishes in the exterior so should for the
interior as well) and M = 0, as predicted in [3]. There it
was obtained by requiring R = 4 in the exterior. This is
the main result which simply follows from the matching
conditions and the pressure free condition. The result
would be true even when pressure is non-zero because on
the boundary it will always vanish. A collapsing uid
sphere on the brane would therefore radiate and its ex-
terior will have the radiation envelope described by the
Vaidya solution.
Finally we shall match the Vaidya solution to the WRN
static metric which could be done in a very straight for-





























. The junction conditions required for the smooth match-
















Comparing (13) and (14) we obtain the expected result
m(v) =M; Q(v) = q (15)
This completes the matching exercise. It shows that a
collapsing Friedmann sphere (OS collapse) on the brane
has Vaidya radiation envelope followed by the WRNmet-
ric.
In the recent study of OS-like collapse on the RS type
brane [3], it was concluded that exterior to the collaps-
ing sphere cannot be static unless the collapse is that
of pure Weyl radiation. We have argued that the non
static character of exterior spacetime could only be sus-
tained by the Vaidya null radiation owing out radially
from the collapsing sphere. We have therefore taken for
exterior the radiating generalization of the static black
hole solution on the brane as given in [4]. This is at one
end matched to the Friedmann solution for interior of
the collapsing sphere and at the other to the WRN static
metric for the black hole on the brane [5]. The matching
conditions relate the mass functions at the two boundary
surfaces, and the new brane eects are negotiated by the
Weyl radiation and the density square contributions. It
is interesting to note that for a collapsing sphere to be
non-vacuous, what is required is the Vaidya null radia-
tion along with the Weyl radiation contribution. That is,
4the bulk must have non-zero Weyl curvature. The dis-
tinguishing feature of spherical collapse on the brane is
that it radiates out null radiation and requires the bulk
spacetime to be conformally non-at.
From physical considerations as alluded earlier, it is
clear that the Vaidya radiating solution is perhaps the
correct and natural choice for the exterior of the collaps-
ing sphere on the brane. Since it is simply the radiating
generalization of WRN, it would also not have the right
weak eld limit of the brane modication to the Newto-
nian potential going as r
 3
. The cause of the problem
lies in the non-zero Weyl curvature of the bulk, which
gives rise to the Weyl tidal charge producing r
 2
term in
the potential. In the Vaidya solution, null radiation part
which is brane bound and hence is correctly incorporated.
The problem is with the Weyl radiation stresses which
are projected from the bulk and hence cannot truly be
specied without reference to the bulk spacetime. This is
the crux of the problem which runs through all the solu-
tions on the brane. Note that in the Friedmann solution
too, the equation of state for radiation is imposed on the
Weyl stresses. They are, without reference to bulk space-
time, only supposed to be trace-free. The question would
not therefore be resolved without the knowledge of bulk
spacetime. For gaining some insight into the bulk, there
have been attempts to analytically and numerically Tay-
lor expand the brane solutions into the bulk [8, 13, 14].
In the absence of full knowledge of the bulk spacetime,
this is the only way open to get some useful knowledge of
the bulk in the close vicinity of the brane corresponding
to the brane solutions.
Further it may also be noted that the RS brane world
model is very critically tuned to conformally at ADS
5
bulk [12, 14]. For instance, it has been shown that for
a conformally non-at bulk, there exists no bound state
for zero mass gravitons on the brane [12]. This is the
key feature of the RS brane model which seem to be so
tightly tied to conformally at bulk. Also recall that the
weak eld limit is obtained for a Minkowski brane with
conformally at ADS
5
bulk. It would therefore be fair
to say that the question in its entirity is perhaps open.
This is of course an issue of viewpoint which would have
various shades of belief and perception.
The Weyl tidal charge in WRN is essentially the mea-
sure of gravitational eld energy being "reected" from
the bulk on the brane as a trace-free matter eld. It
is expected to be negative [5, 6, 11]. It turns out that
the brane modications to GR would strengthen gravity
(i.e. contribute in line with GR) only when tidal charge
is negative [11]. This is the most interesting aspect of
the brane world formulation in which bulk contributes
actively to the dynamics of the brane. For this bulk
must have non-zero Weyl curvature. Also note that in
the Vaidya generalization of WRN, not only the massM
but the tidal charge Q also becomes function of retarded
null coordinate v. This happens because Q is essentially
caused byM (through the reected eld energy from the
bulk) and hence it would be related to it [5, 6, 11].
The canonical picture that emerges for the spherical
collapse on the brane is that the collapsing sphere has
the radially propagating null radiation envelope followed
by the static spacetime of a black hole on the brane. This
is in contrast to the classical picture where a spherically
collapsing or oscillating system is not supposed to radiate
out energy. This happens because of the bulk gravitons
projected stresses on the brane and also of eective pres-
sure not being zero on the boundary. That means dy-
namically the system is, in contrast to the classical case,
not closed and consequently physical information could
travel from interior to exterior. This is why the exterior
cannot be static. Though we have only considered ho-
mogeneous dust collapse, this feature would be true in
general for collapse on the brane. Since it is radiative for
spherical case, it would certainly be so for more general
collapse. This is the general feature of collapse on the
brane.
We have however not addressed the 5-D equations for
determination of the bulk spacetime. It is remarkable
that the considerations conned to the brane seem to
bring out very interesting and distinguishing features
of collapse on the brane. When the problem is fully
solved by incorporating the bulk spacetime, the canon-
ical picture as alluded above would hold good qualita-
tively. What would change would be the exact form of
the solutions like WRN and its Vaidya generalization.
The picture, the collapsing sphere having a null radia-
tion envelope followed by static spacetime of a black hole
on the brane, would stay. It is remarkable that with-
out reference to bulk spacetime, we are able to deduce
qualtatively the distinguishing characteristic features of
gravitational collapse on the brane.
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